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The  question  of  how  to  assess  bioavailability  has  received  much  attention.  Bioavailability  is  most 
often  approximated  by  the  distribution  of  the  solute  in  question  between  two  phases,  most  often 
bulk  phases,  of  water  and  an  immiscible  organic  solvent.  Since  the  inception  of  reversed  phase 
liquid  chromatogr^hy  there  have  been  many  attempts  to  correlate  chromatographic  retention  with 
bioavailability  and  the  most  crf’ten  used  bulk  measure,  the  octanol-water  partition  coefficient  An 
entire  field  has  developed  around  this  research,  referred  to  as  Quantitative  Structure  Activity 
Relationships  (QSAR),  or  where  chromatographic  retention  is  the  measured  parameter. 
Quantitative  Structure  Retention  Relationships  (QSRR).  Yet  with  present  technology,  these 
attempts  are  inevitably  doomed  to  failure.  Oa  the  one  hand,  bulk  phases  are  not  appropriate  fw 
modeling  a  partitioning  process  in  an  interphase  such  as  biological  membranes,  and  while 
chromatographic  stationary  phases  can  be  argued  as  having  similar  structure  to  a  membrane 
because  of  chain  organization,  the  density  of  the  grafted  chains  is  much  too  low  to  provide  a 
suitable  model.  It  is  these  problems  which  we  have  come  to  understand  and  propose  to  address. 

Recent  statistical  mechanical  theory  developed  by  Dill  has  shown  that  the  partitioning  of  solutes 
between  a  bulk  phase  and  an  interphase,  such  as  a  bilayer  membrane,  is  controlled  by  the  entropy 
of  mixing,  the  configurations  of  the  chains,  and  the  contact  interactions  between  solute  and  chains 
and  solute  and  bulk  solvent.  We  have  previously  developed  new  synthetic  methodology  which 
yields  reversed  phase  stationary  phases  of  significantly  higher  bonding  density  than  commercially 
available  phases,  and  we  have  shown  partitioning  of  solutes  into  these  phases  follows  the  theory 
developed  by  Dill.  In  our  "parent"  grant  (Thermodynamically  Correct  Bioavailability  Estimations, 
AFOSR  91-0254),  we  are  investigating  the  utility  of  these  hi^  density  phases  for  the  modeling  of 
bioavailability  of  various  solutes.  Instead  of  the  traditional  correlations  between  chromatographic 
retention  and  octanol-water  partition  coefficients,  we  are  investigating  correlations  between 
chromatographic  retention  and  physiologically  relevant  events,  such  as  bioaccumulation.  We  are 
greatly  encouraged  with  the  results  shown  to  date,  and  feel  that  these  high  density  phases  provide  a 
significantly  better  estimation  of  bioavailability  and  bioaccumulation  tfian  other  models. 

While  our  parent  grant  was  designed  to  improve  the  direct  estimation  of  biological  partitioning 
processes,  the  great  majority  of  scientists  currently  use  octanol-water  partition  coefficients.  We 
have  investigate  the  use  of  capillary  electrophoresis  (CE)  for  the  modeling  of  the  octanol-water 
partition  coefficient,  and  the  relevant  biological  partitioning  processes  the  octanol-water  partition 
coefficient  is  meant  to  model.  There  are  literally  hundreds  of  papers  reporting  the  use  of  reversed- 
phase  liquid  chromatography  (RPLC)  for  the  estimation  of  octanol-water  partition  coefficients, 
with  correlation  coefficients  reported  from  approximately  0.5  to  0.999,  depending  on  the  particular 
column  and  compounds  tested.  RPLC  will  never  be  a  reliable  method  for  octanol-water 
estimations,  however,  because  of  the  great  variability  in  the  chemistry  of  the  stationary  phase  from 
column  to  column.  Capillary  electrophoresis  is  a  much  simpler  system,  as  there  is  no  true 
stationary  phase,  and  there  should  then  be  dramatically  less  variation  from  laboratory  to  laboratory. 


We  have  shown  that  CE  can  give  a  single  point  estimate  of  the  octanol-water  partition  coefficient. 
Specifically,  micellar  electrokinetic  ct^illary  chromatogr^hy  (MECC),  flie  micellar  variant  of  the 
CE  experiment,  was  evaluated  as  an  a  priori  pr^ictor  of  n-octanol-water  partition  coefficients  (log 
Retention  measurements  for  over  100  solutes  with  widely  varying  functionality  were  used 
to  construct  a  universal  calibration  for  the  estimation  of  octanol-water  partition  coefficients  with  r* 
=  0.835.  The  calibration  covers  in  excess  of  9  orders  of  magnitude  in  log  and  4  orders  of 
magnitude  in  log  capacity  factor.  If  solute  size,  structure,  and  hydrogen-bonding  character  are 
known,  accuracy  can  be  increased  by  use  of  improved  cdibraticais.  This  method  reduces  the 
laboratory-to-laboratoiy  variability  and  the  long  analysis  time  due  to  the  multiple  mobile  phases 
necessary  in  current  HPLC  methods  for  estimating  log  while  retaining  many  of  the  desired 
advantages  of  chromatographic  techniques. 

In  summary,  we  have  met  the  goals  of  our  proposal,  and  these  results  have  been  published  in  the 
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